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Introduction

29
Many environmental analyses show a strong connection between CO 2 emissions, due to fossil fuel 30 consumption, and global warming [1] . Therefore, over the last several decades, attention has been 2 31 given worldwide towards sustainable solutions that can reduce CO 2 emissions. Currently, more than 32 95% of all global energy in the transport sector is supplied by fossil fuels. This sector is responsible for 33 over 23% of all energy-related CO 2 emissions [2, 3] . In this context, fuel cell vehicles have gained 34 attention as a long-term solution that would enable the use of renewable energy for transportation with 35 zero carbon and particle emission [4] . It is expected that with a 25% share of fuel cell electric vehicles 36 on the roads by 2050, the cumulative transport-related carbon emissions will be reduced by up to 10%
37
[5].
38
To establish a solid ground for the significant market penetration of fuel cell vehicles, challenges such 39 as fast refueling, long driving range and high energy efficiency must be overcome. To produce fuel cell 40 vehicles with a driving range that is comparable with the current technologies based on fossil fuels, on-41 board high-pressure hydrogen storage seems to be a promising option. The high-pressure storage of 42 hydrogen in tanks requires the compression of hydrogen to more than 700 bar at refueling stations and 
50
Liquid piston compressor is a reliable approach in this regard. Substituting the solid piston with liquid 51 can address many of the restrictions faced by most conventional reciprocating compressors, such as 52 reducing several of the moving parts, simpler sealing system, the possibility of having a non-cylindrical 53 working chamber and geometry optimization to extract heat from the gas by the liquid during the 54 compression procedure [9] . All of these advantages may decrease the production cost and result in 55 more efficient compressors with longer life spans [10] . A significant improvement in efficiency and a 56 50% reduction in cost compared with a traditional hydrogen compressor with the same flow rate and 57 compression ratio has been reported for a single prototype unit that uses hydraulic oil to compress 58 hydrogen [11] . However, selecting the appropriate liquid is a fundamental choice in this regard. Some 59 liquids may decompose at elevated temperature, as reported previously for hydraulic oils [11] .
60
Ionic liquids with outstanding properties, such as being liquid at room temperature, negligible vapor 61 pressure together with good lubrication properties, high temperature stability, high chemical stability, 62 low compressibility and low solubility of gasses, have attracted the attention of many engineers for use 63 as a promising performance fluid in hydraulic and pneumatic applications [12] . Substituting lubrication 64 oil with ionic liquid in pumps and compressors [12, 13] that contained a chloride anion [17] . Additionally, the pitting corrosion of AISI and severe corrosion of showed that the rate of corrosion decreased with an increase in the cation alkyl chain length [22] . viscosity, ionic liquid cation and anion, and ionic liquid water absorption, were discussed in detail.
112
Experimental Part
113
Materials and electrode preparation
114
We have used the five following ionic liquids (provided by Iolitec [24]) in our study: The ionic liquids were specifically selected based on certain criteria, such as high thermal and chemical The ionic liquids that served as electrolytes in the working compartment of the electrochemical cell 141 were tested in contact with the following austenitic stainless steels and nickel-based alloys. furnace, and finally weighed again at room temperature.
171
To obtain more information about the corrosion behavior of the tested alloys, cross-sections of the 172 samples after the immersion test were studied using scanning electron microscopy (SEM). All samples
173
were mounted in PolyFast phenolic hot mounting resin with a carbon filler, provided by Struers [37].
174
SEM measurements were made using a Zeiss EVO MA10 scanning electron microscope.
175
Electrochemical Corrosion Cell
176
The corrosion test was performed in an electrochemical cell with a special design that was built in our which indicates a small corrosion rate for all of the alloys in any of the five tested ionic liquids at 80 257°C. It can be seen from Table 5 that all of the alloys tested in this study can be safely used as construction materials for all of the 264 components in direct contact with the five ionic liquids tested at elevated temperatures and up to 80 °C. Table 6 shows the ratio of corrosion current densities of the stainless steels and nickel-based alloys in Table 6 shows that the rate of corrosion current densities increased at 80 °C compared with that at 23 271°C [44] . Depletion of the protective layer and a reduction of viscosity at higher temperatures can play a 13 272 role in the corrosion current density rate increase. The viscosity will significantly decrease with an 273 increase in temperature based on the Arrhenius equation [47] . Table 1 reports a dramatic reduction in 274 viscosity at 80 °C compared with that at 25 °C. Generally, the viscosity of an ionic liquid is an 275 important electrochemical property, and a highly viscous medium decreases the rate of diffusion-276 controlled chemical reaction [48] . In contrast, a less viscous medium has faster ion motilities in the 277 presence of oxidant, which facilitates faster electrochemical reactions.
265
278 Table 7 presents the corrosion potentials of the stainless steels and nickel-based alloys in the tested 279 ionic liquids at 80 °C, which are obtained from Tafel plots (Figures 3-7) . The corrosion potentials of 280 the tested alloys probably relate to the dissolution of the anodically polarized alloys, whereas the 281 current drop at negative potentials (cathodic process) may be related to the reduction of oxygen or the reduction of corrosion potentials at higher temperatures. This is consistent with an increase in 290 corrosion current densities at 80 °C, as shown in Table 6 .
291
It can be seen from Table 7 that among all of the tested alloys, AISI 347 is remarkable at 80 °C because 
302
In general, a comparison of the corrosion potentials of the two nickel-based alloys (Inconel® 625 and
303
Hastelloy® C-276) with the stainless steel alloys at 80 °C shows that there is no noteworthy 304 improvement in the corrosion rate of high nickel concentration alloys in the studied electrolytes. Table   305 7 shows that Hastelloy® C-276, with a nickel content above 55 wt. %, is the least corrosion-resistant 306 alloy at 80 °C. The lack of niobium and tantalum in the structure of this alloy compared with the other 307 nickel-based alloy Inconel® 625 may play a role in the poor performance of this alloy [49, 50] .
308
Role of Ionic Liquid Cation and Anion 309
Although AISI 347 and Hastelloy® C-276 showed a similar corrosion behavior in all of the ionic 310 liquids tested, different corrosion behaviors were observed for AISI 316L and Inconel® 625 in 311 different electrolytes. As can be seen in Figure 4 and Table 7 , AISI 316L showed a relatively poor In contrast, as seen from Figure 3 and Table 7 
331
To investigate the role of water content in the corrosion rate of the tested alloys, the water content of 332 five ionic liquids studied was measured at 25 °C under atmospheric conditions using Karl Fischer
333
Titration. The samples were used directly from the bench without any attempt for drying or purification 334 and the results are shown in Table 8 . stability of alloys that were tested in the studied ionic liquid-based electrolytes at 80 °C. Anna-Lisa Chaudhary for the help with water content measurements.
